ABSTRACT Secondary product~on and populat~on dynamics of the bnttle star Amphiura fillformis (0 F Muller) were studied between June 1990 and November 1991 at 40 m depth In the Skagerrak west Sweden Mean abundance of individuals > 1 m m in disc diameter was stable around 280 ind m After a spawnlng maximum In June and July settling post-larvae (ca 7000 ind m-2) occurred In autumn 1991 DISC growth and gonad product~on accounted for ca 68 9 % (1 8 g AFDW m-' yr-l) of the total annual product~on in the populat~on About 13 3 % (0 34 g AFDW m-2 yr.') of the total production was allocated to regeneration of arms probably a result of cropping by predators Mean regenerated b~o -mass In percent of total blomass for adult A hliformls was between 12 and 3 0 % (mean 22 %) Annual production/b~omass ratio was 0 46 yr.' The Input of energy to arm regeneration indicates the m p o rtance of A fillforms as an ~mportant food source
INTRODUCTION
Seasonal hypoxic conditions have been associated with decreasing benthic biomass in the Kattegat and coastal areas of the Skagerrak during the past 15 yr (Josefson & Rosenberg 1988 , Rosenberg & Loo 1988 , Rosenberg et al. 1992 . However, at some well-aerated sites total benthic biomass has increased (Pearson et al. 1985 , Josefson 1990 . Although some studies (e.g. Josefson 1990 , Josefson & Jensen 1992 have suggested that higher rates of energy transformations from the pelagic to benthic environments are causing large-scale changes in benthic productivity, secondary production of many benthic species has not been measured. One of the dominant species contributing to biomass increases in parts of the Kattegat-Skagerrak system is the brittle star Amphiur-a fildormis (0. F. Muller), which often number in the hundreds per m2 on silt-clay botton~s from ca 20 to 50 m depth (Petersen 1913 , Josefson & Jensen 1992 .
Long-term studies in Galway Bay on the west coast of Ireland have shown that low annual recruitment, stable densities and stationary size distributions are characteristics of Amphiura filiformis populations in that area (O'Connor et al. 1983 ). This species also provides an important link between the benthic and pelagic environments because it seems to be important in the diets of many fish and invertebrate predators including dab Lin~anda limanda (Duineveld & Noort 1986) , haddock Melanogrammus aeylefinus (Mattson 1992) and Norwegian lobster Nephl-ops norvegicus (Baden et al. 1990 ). These predators do not generally consume the entire bnttle star but crop only the arms, which are later regenerated. An energy budget estimated for the A. filiformis population of Galway Bay suggested that arm regeneration contributed significantly to the total annual production of this species (O'Connor et al. 1986) .
In this paper we report on the population and production dynamics of Amphiura filiformis at a site located in the Kattegat-Skagerrak system along the Swedish coast. The study includes the contribution of arm regeneration in relation to the total annual production of this species.
MATERIAL AND METHODS
All sampling was conducted at the mouth of the Gullmarsfjord, west Sweden (58" 14.72 Petersen 1913) has been monitored annually since 1983. The top sediment layer (0 to 1 cm) had the following mean values based on sediment dry weight: organic matter, 3.5 % (standard deviation = 0.3, n = 24); organic C, 2.4 % (SD = 0.3, n = 24); N content, 0.3% (SD = 0.04, n = 24). The sediment had a grain-size distribution with 2 peaks, one clay-silt at 2 to 8 pm (47 %) and one silt-very fine sand at 63 to 125 pm (38%). The water content varied around 59% of wet weight (Tunberg 1990 ). Salinity at 40 m depth, close to the sampling site, was between 30 and 34 psu. Temperature was lowest in March, 4.6"C, and increased until the beginning of October, when a maximum of 13.8 "C was recorded. Oxygen concentrations exceeded 3.8 m1 O2 1 -' (Lindahl et al. 1991) .
Sampling. Quantitative benthic fauna1 and sediment samples were collected at 2 to 3 wk intervals from 14 June 1990 to 4 November 1991. Samples were taken with a modified (0.01 2 m") HAPS coi-i r (Kanneworff & Nicolaisen 1973) with 10 replicates to fulfil the criterion of sampling precision set at a standard error (SE) < 2 5 % of the mean for abundance and biomass of Arnphiurd filiformis.
The brittle stars were gently rinsed and picked out from the sediment cores with forceps and then preserved in 95 O/o ethanol to avoid autotom~sation of arms. When no more ophiuroids were visible, the remaining sediment was gently sieved on a 1 mm screen and sieve contents preserved in 70%) ethanol to be sorted later at 6x magnification under a dissecting microscope. An ocular micrometer was used to measure oral width to the nearest 0.1 mm according to O'Connor et al. (1983) . Oral width was used as a measurement of size because it has been shown to be less variable than disc size, which changes seasonally due to gonad development (O'Connor et al. 1983 ). To estimate secondary production the brittle stars were separated into 4 categories; discs, whole arms, cut arms and regenerated arms (see Fig. 2 ). These categories were counted and weighed individually after drying to constant weight (DW) at 60 "C.
Samples for studies of recruitment of Amphiura filiformis were collected from 25 March 1991 to 4 November 1991 by taking 2 box core samples (0.1 m2) and, from each of them, subsampling 3 replicates with a plexiglass tube (50 mm internal diameter) to 40 mm depth. The sedirnents were kept in plastic jars with 95 % ethanol and sorted later at 12x magnification after being rinsed in distilled water over a 0.20 mm sieve.
Total C, organic C and total N contents of the top sediment layer (0 to 1 cm) were measured from 2 replicate HAPS corers taken at 2 to 3 wk intervals from 21 August 1990 to 4 November 1991. Samples were freeze-dried and homogenised prior to analysis. After removal of inorganic carbon according to Hedges & Stern (1983) ' the sediment organic C and N were determined with a Carlo Erba NA 1500 C/N analyser. Grain size analyses were carried out by the pipette method (Krumbein & Pettijohn 1938) .
Size-frequency distributions. To investigate size distributions of Amphiura fillformis retained by the 1 mm sieve, sampling was undertaken on 13 September 1990, 18 March 1991 and 4 November 1991 using a Smith-McIntyre grab (0.1 m2). Six to ten grab samples were taken on each date in order to collect at least 200 individuals for measuring the oral width. Analysis was done with the method described by MacDonald & Pitcher (1979) . This method finds the best fit of a normal distribution mixture with a specified number of components, using maximum likelihood estimation for grouped da.ta to obtain mean oral width, standard deviation and the proportion of each size-group component.
Statistics and calculations. Temporal varlation in abundance was examined with nested l -way ANOVA (Morrisey et al. 1992) . Comparison for evaluating changes between short and long time periods for the total abundance was undertaken by nesting 3 consecutive sampling occasions, comparing them with each other and nested over longer periods. First, 2 wk periods were analysed nested over 6 mo periods, then 1 mo periods were analysed nested over 5 ino periods.
The temporal changes in the abundance of postlarvae were tested with nested l-way ANOVA (Underwood 1981) by nesting the subsamples from the replicates of each sampling occasion.
Spatial distribution (index of dispersion) was tested according to Elliott (1977) with a x2 test for agreement with a Poisson series as the null hypothesis at 95% probab~lity level Biomass was tested for effect of time with l-way ANOVA. Data were corrected for homoscedasticity by the XIi2 transformation because the variance was approximately equal to the mean (Sokal & Rohlf 1981) , and tested for the presence of gross heterogeneity of variances with Cochran's test (Underwood 1981) Logarithmic means of individual biomass of separated size groups were used to test if individuals grew exponentially by simple regression of the means and 95 % confidence limits for the slope of the line.
Regenerated biomass (%), w h c h is the animal's regenerated biomass in proportion to the total biomass of the animal, was tested for temporal changes with l-way ANOVA. Data were corrected for homoscedasticity by the arcsine transformation as recommended for proportions (Sokal & Rohlf 1981) and tested for the presence of gross heterogeneity of variances with Cochran's test (Underwood 1981) .
To estimate production (P), the Anlphiur-a filifor-mrs population was separated into 3 size groups according to the MacDonald & Pitcher method described above. Size group 1 (SG 1) had a mean oral width of 1.3 mm that increased to 1.7 mm during the perlod 13 September 1990 to 18 March 1991, and SG 2 increased from 1.8 to 2.1 mm over that same period. SG 3 had a mean oral width of 2 4 mm during the entire period. Methods for calculating production are illustrated in Fig. 2 . P for SG 1 and SG 2 was calculated according to Crisp (1984) (see Eq. 1) because these individuals lacked gonads and rarely had regenerated arms. Production was only calculated for these groups when separable (from 13 September 1990 to 18 March 1991); when not separable, they we]-e considered incorporated into SG 3 and production calculated as shown below. Due to low densities of these groups when sampled with the HAPS core, abundance ( N ) and mean biomass increment ( W ) between successive SmithMcIntyre grab samples on 13 September and 18 March ( t ) were used to give a quantitative abundance with higher precision of these size groups. Variation in abundance between replicate grabs of these size groups was, however, considerable because of the low numbers. The biomass was calculated from the biometrical relationship between oral width and dry weight for the smaller size groups (see biometrical relationship in the results).
We used Eq. (1) for calculating P of the discs of the matured SC 3, which were mainly in the range of the constant at 280 ind. n r 2 since the population density was constant at that value (see below). When production is calculated for SG l and SG 2 (from 13 September 1990 to 18 March 1991). N i s reduced by the number of these groups. Aw is the individual mean disc weight increment between successive samplings.
Production of regenerating arms of SG 3 was calculated wlth a growth factor (G,,,, Eq. 2) based on the assumption that regeneration is an ongoing process and cropped arms have not reached their full length and width:
where f is the number of arms under regeneration, i.e. cut arms plus arms not fully regenerated from the SG 3 population. 'Not fully regenerated arms' is defined as the proportion of arms from the category 'regenerated arms' (Fig. 2 ) that do not have the same weight as whole arms. The latter was calculated by dividing the mean weight of regenerated arms by unbroken arms that did not show any sign of regeneration, and multiplying this proportion with the number of regenerated arms. This gives the proportion of arms not fully regenerated. The arms were treated as individuals and G,,, is the growth increment of arms subsequent to cutting, measured in the laboratory on Amphiura filiformis as 9.68 mm 4 1 d-'
(SE = 1.06, n = 15) (Andreasson 1990) . Converting this to biomass by the blometrical relationship between regenerated arm length and dry weight (see below) gives an estimate of G,,, of 0.0048 my DW arm-' d-'.
The weight-specific growth rate (G, % d-l) was calculated fromthe equation G = 100(e['"~T 'nYl"IT-tl-1) where YT and Y; are the sizes at times T and t, T being later than t (Ricker 1979) .
Gonad development was analysed by subjective, visual observation of the gonads under a dissecting microscope. We classified development into 3 categories -1: lack of gonads; 2: having gonads; and 3: full of probably ripe gonads.
RESULTS

Population dynamics
Estimated densities of Amphiura filiformis (captured in the 1 mm sieve) are shown in Fig. 3a . Mean density was stable around 280 ind. m-2 over the sampled period. There was neither a significant difference in density between 2 wk periods [degrees of freedom factor and error (df) = 6,81; F-value (F) = 1.96, p > 0.051 and nested 6 mo periods (df = 2,81; F = 0.51, p > 0.05), nor between l mo periods (df = 6,81; F = 1.34, p > 0.05) and nested S mo periods (df = 2,81; F = 0.11, p > 0.05).
Maximum mean settlement occurred in August to October 1991 (Fig. 4 ) . Temporal changes were significant (df = 14,60; F = 2.93, p < 0.05) but no difference were found among the replicates at each time (df = 15,60; F = 1.50, p > 0.05)
The spatial distribution of the Amphiura filiformis population was mainly random (x2-test, p > 0.05) when Size-frequency distributions and the best-fitted normal distributions are shown in Fig. 5 . The analysis detected 3 size groups on 13 September 1990 and on 8 March 1991, but only 2 on 4 November 1991. The 2 smaller groups. SG 1 and SG 2, showed a temporal increase in size, but the large group, SG 3, was relatively constant in size. No significant recruitment to these 3 size groups could be recognised between these periods in the HAPS corers sampled every second week.
The constant numerical density and the sizefrequency distributions showed that almost no recruitment to the adult Arnphiura filiformis population took place during the investigation. The population was stable and few recruits were required to balance mortality losses in individuals > 1 mm (i.e. those captured in the 1 mm sieve), shown in the size-frequency histograms (Fig. 5) . Most (75 to 80%) of the population had reached their maximum size and could not be separated into size groups that correlated with age classes.
Biometrical relationship
The relationship between oral width and dry weight made it possible to calculate the biomass of SG 1 and SG 2 from the size-frequency histograms used for production estimates. A linear regression of loglo DW ind.-' ( Y ) on loglo oral width (X) for these 2 size groups gave the following relationship: Y = 0.00218 X4.344 [square product moment correlation coefficient (r2) = 0.71, significance level for the contribution of the model Y = a X b to the sum of squares, p < 0.001, df = 1,3051. The relationship between arm length and dry weight was used to calculate daily regeneration rate (G,,,) . A linear regression of logloDW arm-'(Y) on loglo arm length (X) for regenerated arms gave the following relationship: Y = 0.01056X1.288 (r2 = 0.63, significance level for the contribution of the model Y = a X b to the sum of squares, p > 0.001, df = 1,35). 
Gonad development
The gonad index (Fig. 6 ) indicated the presence of gonads from February to September 1991 with maxima in June to July in both 1990 and 1991. To study the spatfall a correlation analysis between gonad index and settling was performed. The best positive correlation was found with a time lag of 88 d (r = 0.81, n = 14).
S u e group 
Growth and production
The mean biomasses f SE obtained with the HAPS corer are shown in Fig. 3b . Biomass showed no temporal difference when tested with l-way ANOVA (df = 34,315; F = 1.24, p > 0.05). Linear regression analyses showed no trends for individual total biomass, but positive slopes of the regression lines (p < 0.05) for SG 1, SG 2 and SG 3 (see Table 1 ) demonstrate exponential increase in weight with time.
Mean individual regenerated biomass as a percent of total biomass for SG 3 was between 12 and 30% with an overall mean of 22 % (Fig. 7) . Temporal differences were significant (df = 34,744; F= 2.43, p < 0.001).
Based on growth of SG 1 and SG 2, and the assumption that SG 3 on the von Bertalanffy (1934) equation was constructed by extrapolation of the time series at this size class interval (Fig. 8) -' yr-' and individual mean biomass was 0.020 g AFDW ind.
-'. For the whole population, the production to biomass (P/B) ratio was 0.46 yr -l . For the dominating SG 3, with an individual mean production of 0.0076 g AFDW ind.
-' yr-' and a biomass of 0.021 g AFDW ind.
-l, the P/B ratio was 0.37 yr-'. are all derived from a Ford-Walford plot based on the yearly growth of SG 1 (Crisp 1984) . Growth was calculated for SG 1 and SG 2 for the periods when significant growth could be shown for mean individual biomass and somatic size (Table 1 . Fig. 5 ). Estimates of size-specific growth rates for SG 1 and SG 2 were 0.66 and 0.38 % d -l respectively, recalculated to disc diameter from the biometrical relationship between oral width and disc diameter of Josefson & Jensen (1992).
DISCUSSION
Production (P) was estimated between each sampling interval as the sum of total growth of SG 1 and SG 2, plus P of discs and regenerated production of arms of SG 3. Disc production was calculated as positive biomass changes based on the assumption that negative biomass changes are caused by starvation or shedding of gonad products. If negative biomass changes are included, disc production is about zero (-0.15 g DW m-2 yr-l). The cumulative production over the sampling period is shown in Fig. 9 and separated for these categories in Fig. 10 . The total annual production was estimated from August 1990 to August 1991 as 9.46 g DW m-2. Converting this to ash-free dry weight (AFDW) and wet The aim of this investigation was to follow in detail the dynamics of Amphiura filiformis and estimate the annual production. The accuracy of such estimates is based on sampling precision, which also is affected by the spatial distribution since it alters the precision. A sampling program is mainly a question of cost, benefit and the purpose of the sampling. A tentative goal of precision of SE being < 25 % of the mean in abundance and biomass was achieved with both the SmithMcIntyre grab and the HAPS corer. The observed spatial distribution of the benthic fauna depends on the size of the sampling unit (Elliott 1977 fjliformis. This is, in part, contradictory to the results presented here; we found a random distribution using the HAPS data but a contagious distribution with the Smith-Mclntyre grab. Different densities of the populations, i.e. about 1000 ind. m-' in Galway Bay and Dresund and about 280 ind. m-2 at this station, could change both the patch dynamics and the relationship between the variance and the mean, as well as spatial distribution, which is affected by the size of the sampling unit (Rosenberg 1974 , Andrew & Mapstone 1987 . The inconsistency of spatial distributions in this study should be taken into account when interpreting the results of this investigation. However production estimates are more dependent on the precision of mean values of abundance and biomass than the pattern of variabhty, which is thus not likely to affect the production estimates significantly.
Accurate assessment of abundance and biomass is essential for high precision of production estimates. Temporal abundance, biomass and size (oral width) stability seems typical for several Amphiura filiformis popula- Fig. 9 . Amphiura fildormis. Cumulative production for the whole brittle star population and for separated categories. Production for SG 1 & 2 was calculated when separable for these groups (from 13 September 1990 to 18 March 1991). For the rest of the period, all production is calculated a s for SG 3 poral analysis of abundance (nested ANOVA, as described in 'Material and methods') among samples taken between May 1983 and 1991 (data provided from the National Swedish Environmental Monitoring Programme; Fig. 11 ) from the station studied was undertaken between years and nested 3 yr periods. It showed a significant difference between years (df = 6,24; F = 4.59, p < 0.05), but not between 3 yr periods (df = 2,24; F = 0.76, p > 0.05). The time scale where major changes in total abundance occurred was thus between 1 yr periods. In aresund, Muus (1981) found that main settlement was confined to a few weeks in September to November, followed by a rapid decline in abundance of post-larvae. Muus (1981) estimated that bnttle stars reached about 4 mm in disc diameter after 3 to 4 yr and then mixed with the 'adult' population. The annual contribution of juveniles to the adult size group (> 4 mm disc diameter) was about 5 % in that investigation. That is about the same proportion of juveniles between 1 and 1.5 mm (oral width) as that found on 4 November 1991 (Fig. 5) . Post-larval mean maximum density in the present investigation (7000 ind. m-2) was similar to that in the 0resund wit11 maximum mean settlement of about 6500 ind. m-2, but lower than in the North Sea (Duineveld & Noort 1986 ) with a maximum of 13000 ind. m-*. The maximum settlement value of 7000 ind. m-* is a crude estimate (SE = 4820), probably a result of patchy settling and low sampling precision from only 2 replicated samples. However patterns similar in these 2 studies were the rapid decline in abundance of postlarvae and the subsequent low presence of juvenile Amphiura filiformis in the population.
The estimated time lag between full gonads and settlement of 88 d in the present study is comparable to the time period when pelagic larvae have been recorded in the plankton of the northern 0resund in one study from July to November (Fosshagen 1965) and in another from August to December (Thorson 1946) . The present finding is only an approximation of the time Amphiura filiformis larvae are found in the pelagic stage. The exact time is difficult to estimate due to the large area of distribution of larvae. Separation of size groups in Amphiura filiformis is difficult as shown by Muus (1981) , O'Connor et al. (1983 ), Bourgoin & Guillou (1988 , Kiinitzer (1989) and Josefson & Jensen (1991) . To estimate growth, the MacDonald & Pitcher (1979) method was used for separating most likely size groups according to a normal distribution, assuming that growth and energy demands were similar for animals of the same size. Estimates of somatic growth were therefore only calculated when noted in the size-frequency histograms (Fig. 5) . The growth rates of SG 1 (0.66 % d-l) and SG 2 (0.38 % d-l) can be compared to estimates of Josefson & Jensen (1992) , which ranged from 0.20 to 1.67 % d -' for what they defined as 0-group A. filiforrnis. The higher estimated values of their investigation may be a result of more rapid growth at that particular station in the Skagerrak, where increased biomass and abundance of A. filiformis also have been shown over the period 1972 (Josefson 1990 ). It may also be an effect of reduced predation since regenerated biomass contributes significantly to the animals' body weight. However, the approach to (1) 1 group of recruits (0-group) and 1 group of adults (l-group); or (2) 1 group of adults only. In the present study the population consisted of 3 size groups plus recruits. More frequent sampling and closer examination of individual biomass in this study are likely to give a higher accuracy in these estimates. Regenerated production estimates of SG 3 were based on the assumption that an arm grows until it has reached the biomass of an unregenerated arm. This could lead to an overestimation due to breaking of arms when collected and handled. These arms would then be counted as 'regenerating arms'. Lost arms were collected during sorting and constituted 30% (SE = 2.8, n = 29) of the cut arms. The origin of these arms, i.e. if they were from outside or inside the HAPS corer or if the arms were under regeneration, is uncertain. Should, however, half of them belong to specimens from inside the sample and not be under regeneration, an overestimation of ca 2.0% of total production and 11.6 % of regenerated production may be the case. The regeneration rate used in these calculations of 0.0048 mg DW arm-' d -' (Andreasson 1990) can be compared with O'Connor et al. (1986) who reported a rate of 0. 083 and Salzwedel (1974) who found a rate of 0.0071 mg DW arm-' d-l. The higher rate described by O'Connor et al. is based on preliminary laboratory results, not described in detail. The rate of Salzwedel was measured on Amphiura Eiliformis fed with microphytoplankton (Dunaliella sp.) which may be too small to be utilised by A. filiformis (Ockelmann & Muus 1978) . Andreasson (1990) used natural seston composition and concentrations with flowing deep water and native sediments. The seston concentrations in the experiment varied between 0.98 and 4.81 mg DW I -' , or 0.44 and 1.25 mg AFDW I-', which were within the same range as the natural concentration, 5.64 mg DW l -' (SD = 3.28, n = 24) or 0.87 mg AFDW 1-' (SD = 0.40, n = 24), in the bottom water at the studied station from 28 August 1990 to 4 November 1991 (own measurements). The seawater in Andreasson's experiment was pumped from 30 m depth near where the samples in the present investigation were taken. Regeneration rates in the field may differ from those in the laboratory because of differences in the allocation of energy during periods of gonad development, temperature variation, capture efficiency of available food, additional loss of arms, etc. Food availability is most probably a key factor for regeneration rate, and this varies seasonally and between areas. The regeneration rate used in this investigation was a mean regeneration rate estimated over 7 wk under rather realistic conditions.
Temporal linear regression analyses of biomass showed positive correlations with time when separated into size groups (Table 1) . This does not show that individual biomass goes up and down, but that the sum of biomass changes is an exponential increase over time for separated size groups. The slopes for separated groups were significant, though less pronounced for SG 3 compared to SG 1 and SG 2. This indicates a declining growth with age within this size interval, as is also described by the von Bertalanffy model based on oral widths (Fig. 8) . It could also be a n effect of smaller size classes growing into the large SG 3 group. Regenerated biomass showed no increasing trends, but significant fluctuations over the period. This indicates that variables like predation pressure, gonad status and food availability may have influenced the biomass.
Amphiura filiformis populations are often described as stable and mainly composed of large individuals, probably several years old (O'Connor & McGrath 1979 , O'Connor et al. 1983 , Duineveld & Noort 1986 , Duineveld et al. 1987 , Josefson & Jensen 1991 , 1992 . There are examples of relatively rapid changes, caused by high mortality and successive recolonization in areas of fluctuating hydrodynamic conditions, e.g. the Northumberland coast, UK (Buchanan 1967) , the Gullmarsfjord in Sweden (Rosenberg 1976) and Concarneau Bay, west France (Bourgoin & Guillou 1988) . Muus (1981) described growth rates for post-larvae up to the size when they were retrieved in a 1 mm sieve. This is also the approximate size when they change feeding behaviour, from scavengers and predators of meiofauna (Muus 1981) to suspension and deposit feeding (Buchanan 1964 , Woodley 1975 . This switch coincides with asymmetric and increased growth of 2 of the arms and a change to adult burrowing behaviour. As Muus (1981) suggested, this prolongation of the arms enables the juveniles to take up the adult way of feeding and burrowing earlier. It may also reflect a change in pattern in allocation of energy towards growth of arms, which is supported b y the findings of this investigation that growth of regenerating a r m s is a n important factor contributing to p r o d u c t~o n of adult
A. filiformis.
In t h e complete growth pattern of t h e benthic s t a g e of Amphiura filiformis, it s e e m s likely that a sigmoidal growth pattern would fit w h e n c h a n g e s in disc diameter or oral width a r e used a s variables. Consequently, slow growth is observed in juveniles until they h a v e r e a c h e d a size a t which they a d o p t t h e m o r e efficient adult feeding behaviour. Later, growth decreases, d u e to predation of a r m s a n d development of gonads. Most 'growth' in a n adult brittle star in this study w a s g o n a d production a n d regeneration of arms, which together contributed 8 2 % of t h e total production in AFDW; somatic growth of t h e disc of t h e adults w a s small. This conclusion is also supported b y t h e results if disc production is calculated for both negative a n d positive biomass changes; disc production t h e n e q u a l s zero for t h e adults (SG 3).
O'Connor e t a l . (1986) provided a comparison of PIB ratios for various echinoderms. T h e ratio of Amphiura fjliforrnls estimated for t h e l a r g e adult size g r o u p described from G a l w a y Bay (1.97 y r -l ) is higher than for t h e comparable size g r o u p (SG 3 ; 0.37 yr-') a n d for t h e whole population (0.46 y r -l ) found in t h e present study. C l e m a r e c & M e n e s g u e n (1980) estimated a PIB of 2.8 yr-l, but also estimated t h e life span to b e 2 yr, which is very different from a life s p a n 2 20 yr, estimated in Galway Bay (O'Connor e t al. 1983) a n d i n t h e 0 r e s u n d ( M u u s 1981). A life s p a n of this latter length fits t h e dynamics of t h e population investigated h e r e a n d t h e estimated von Bertalanffy curve in Fig. 8 . T h e present later growth estimates also approximate those p r e s e n t e d b y G a g e (1990) from Scotland b a s e d o n counts of a r m ossicles correlated to disc diameter. Losses d u e to predation c a n b e estimated a s t h e regenerated biomass, which w a s a b o u t 22 % of total biomass. In other studies of fish cropping (cut a r m s ) , t h e proportion of r e g e n e r a t e d a r m s w a s approximately t h e s a m e , e.g. 2 0 to 3 0 % i n Galway Bay (Bowmer & Keegan 1983) a n d 2 0 % in t h e North S e a (Creutzberg & Duineveld 1986 ). Thus, cropping of a r m s of Amphiura fillformis s e e m s to b e an important food source for predators in s o m e marine a r e a s .
